INTRODUCTION
Ulnar neuropathy at the elbow (UNE) is clinically easily suspected. However, it is often not possible to definitely localize the lesion at the elbow or differentiate from other disorders (e.g., ulnar neuropathy at the wrist, lower brachial plexopathy, or C8 radiculopathy) on the basis of clinical examination of sensory and motor functions. Sensory deficits in the area of the cutaneous dorsal ulnar nerve or weakness of the flexor carpi ulnaris and flexor digitorum profundus muscles localize the lesion above the wrist but these functions are often normal. (1) A final diagnosis is made after electrophysiological or sonographic examination of the ulnar nerve. (2) Provocative clinical tests are often applied and recommended to localize the lesion and make the diagnosis in UNE. Palpating for nerve thickening and local tenderness, Tinel's test, and flexion compression tests have all been advocated.(3) However, there are only few studies to substantiate these recommendations and moreover, they all have serious methodological deficits. In patients with carpal tunnel syndrome the efficacy of provocative tests was low. (4) The aim of this study was to determine the diagnostic value of provocative clinical tests (Tinel's test, flexion compression test, palpating for local ulnar nerve tenderness and nerve thickening) in patients in whom a diagnosis of UNE was considered. 4 
METHODS
Between December 2006 and December 2008 we prospectively studied the usefulness of provocative clinical testing in patients referred to the outpatient department of neurology of Atrium Medical Centre, a large general teaching hospital. All patients in whom UNE was considered in the differential diagnosis after initial history taking were eligible for the study.
Symptoms consistent with an ulnar neuropathy were defined as numbness and paraesthesias of the fourth and fifth digits of the hand, weakness or clumsiness of the muscles innervated by the ulnar nerve. In patients with bilateral complaints, only the most severely affected side according to the patient was used in all analyses. The exclusion criteria were acute traumatic origin, history of a polyneuropathy or genetically proven hereditary neuropathy with liability to pressure palsies, and findings consistent with polyneuropathy at physical examination.
Patients were first clinically examined by one of two experienced neurologists (index test) and then referred for electrophysiological and sonographic studies (reference test) as described below. No ethical approval or informed consent was required because all tests were performed as part of standard patient care.
Index test -clinical examination
The index test consisted of a routine neurological exam and provocative tests. During the routine neurological exam motor function, sensory function, tendon reflexes, coordination, and cranial nerves were tested. In every case we at least recorded pinprick sensation in the area of the ulnar superficial terminal, palmar cutaneous, and dorsal cutaneous sensory branches and strength of the first dorsal interosseous (FDI), abductor digiti minimi (ADM), flexor carpi ulnaris (FCU), and flexor digitorum profundus of digits four and five (FDP) muscles using the Medical Research Council Rating Scale. Subsequently the following tests were performed in each patient in random order: 5 (1) Tinel's test: tapping lightly at the ulnar nerve around the medial epicondylar groove; the test is positive if the patient reports tingling or electrical sensations radiating to the fourth and fifth digits. (3, 7) (2) Flexion compression test: the examiner keeps the patient's elbow maximally flexed with the wrist in neutral position during 60 seconds while giving compression with index and middle finger just proximal to the cubital tunnel; the test is positive when the patient reports tingling sensations in the ulnar sensory area within 60 seconds. (7) (3) Palpating for local nerve tenderness and thickening: the examiner palpates the ulnar nerve around the elbow, decides whether the ulnar nerve is thickened and asks the patient if there is tenderness in that area.
After these tests the examiner made a differential diagnosis and indicated the likelihood of UNE in each patient (probable, possible, unlikely). Subsequently, all patients were referred for ulnar electrophysiological and sonographic studies as described below (reference test).
Additional electrophysiological studies and imaging studies (e.g., of the cervical spine or brachial plexus) were ordered if a possible radiculopathy, brachial plexopathy, or other neuropathy was also considered in the differential diagnosis. Patients in whom (after ancillary tests) a diagnosis other than UNE was made were analysed as patient controls. In case a patient had UNE and another arm condition that patient was analysed as UNE patient.
Reference test -electrophysiological studies / sonography
The standard criterion for UNE consisted of one or more symptoms or signs of a possible ulnar neuropathy and one or two of the following: electrophysiological evidence of an ulnar neuropathy at the elbow or ulnar nerve thickening demonstrated during sonography. The electrophysiological and sonographic exams were carried out by different examiners who 6 were unaware of each other's test results. Both examiners were unaware of the clinical findings of the neurologist performing the clinical examination including the provocative tests.
Electrophysiological studies
Ulnar sensory and motor nerve conduction studies were performed with the elbow flexed at 90°. If necessary, skin temperature was raised to >32 °C using hot water baths. Surface stimulation was performed with the cathode placed at the proximal wrist crease, 4 cm distal to the medial epicondyle and 4 to 6 cm above the elbow (range of the across-elbow distance was 8 to 10 cm). Compound muscle action potentials (CMAP) were recorded from the ADM and FDI muscles using surface electrodes in a belly-tendon montage. The most severe conduction abnormalities at the elbow in one of these two derivations were used for analysis. Sensory nerve action potentials (SNAP) were obtained antidromically using ring electrodes placed over the fifth digit.
In accordance with guidelines of the Netherlands Society of Clinical Neurophysiology and AAEM, ulnar neuropathy was localized at the elbow if one or more of the following abnormalities were found (reference values derived from our previous studies, mean ± 2 SD):
reduction of the CMAP from the below-to the above-elbow site of >16% (block), motor nerve conduction velocity (MNCV) across the elbow of <46 m/s (slowing), MNCV at the across-elbow segment >15 m/s slower than at the forearm segment (differential slowing). Cutoff values for an abnormally low action potential were (mean -2 SD): <5.5 mV for the ADM CMAP, <7.0 mV for the FDI CMAP, and <6.5
Sonography
Using a 5-to 10-MHz linear-array transducer the ulnar nerve at the elbow was visualized on longitudinal scans measuring the diameter of the ulnar nerve within the echogenic rim surrounding the nerve accurate to 0.1 mm. This measurement was done at the level of the medial epicondyle and repeated 2 cm proximal to and 2 cm distal to this level. Sonography was considered abnormal if the diameter was increased at any of these levels, the cut-off values being respectively 2.6 mm, 2.5 mm, and 2.7 mm.(2) In a previous study we foud a sensitivity of 81% and specificity of 91% for sonography in the diagnosis of UNE.
(2) Figure   1 shows an ultrasound image of an enlarged ulnar nerve.
STATISTICAL ANALYSIS
All continuous and normally distributed variables were analysed using the Student t-test, discontinuous and nonnormally distributed variables using the Mann-Whitney test. The chisquare test was used to compare proportions of independent variables. In all analyses a pvalue < 0.05 was considered to be significant.
To ). Furthermore, we determined likelihood ratios (LRs). In this study the LR is the ratio of the probability of the specific test result in patients with UNE to the probability in patients without UNE. We performed the following calculations: LR of a positive test (LR+) = sensitivity/(1 -specificity), LR of a negative test (LR-) = (1 -sensitivity)/specificity. 8 Multiple logistic regression was used to further evaluate the value of the tests. In order to approach the clinical diagnostic process, the selected variables were grouped into three subgroups: 1) age, gender and most affected side; 2) presence of motor function and sensory function disturbances related to the ulnar nerve; 3) results of provocative tests. Successively, three logistic regression analyses were done in which the variables of the three groups were entered, starting with subgroup 1, followed by subgroups 1 and 2, then finally subgroups 1 to 3. Thus, three successive models were constructed. The three final models were compared using the likelihood ratio test. Receiver operating characteristic (ROC) curves were constructed for each model and the areas under the curve (AUCs) and 95% confidence intervals (95%CI) were estimated. Moreover a logistic regression analysis (Backward Wald method, entry 0.10, removal 0.20) was performed including all predictor variables.
ROC curves were also constructed and AUC estimated for the number of positive provocative tests. Finally, the diagnostic value was graphically expressed by plotting the post-test probability as a function of the pre-test probability for negative and positive test results.
All statistical analyses were performed using SPSS (version 15.0; SPSS Inc., Chicago, Ill).
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RESULTS
Patients and controls
The flow diagram of the study is shown in figure 2. In 192 patients UNE was considered in the differential diagnosis after history taking. All these patients underwent the index and reference tests according to the protocol. Ultimately 137 patients had UNE while 55 had an alternative diagnosis. These other diagnoses were: cervical radiculopathy (n=8), carpal tunnel syndrome (n=10), stroke involving the precentral motor cortex of the hand (n=2), brain metastasis (n=1), cervical myelopathy (n=1), epicondylitis or aspecific arm pain (n=33).
Of the UNE patients, 79 had ulnar sensory and motor signs, 31 ulnar sensory signs only, and 27 a normal neurological exam. The clinical characteristics of patients and controls are described in table 1. The control group was younger and contained more women. Weakness of ulnar muscles was found more frequently in UNE patients.
Reference test
Of 137 patients with UNE, 75 had electrophysiological conduction abnormalities across the elbow required for UNE as well as nerve thickening during sonography, 30 had conduction abnormalities across the elbow without nerve thickening, and 32 had nerve thickening without conduction abnormalities across the elbow. However, 12 of these 32 patients had nonlocalizing abnormalities during electrophysiological studies (low or absent ADM / FDI CMAP, or low or absent ulnar SNAP, or abnormalities during concentric needle examination of ulnar innervated muscles). Thus 20 patients with UNE were diagnosed on the basis of nerve thickening without any electrophysiological abnormality, of whom 2 had sensory signs only, 8 sensory and motor signs and 10 symptoms but no signs.
Provocative tests
The outcome of the provocative tests is found in table 2. reported tingling sensations earlier than controls, respectively after a median of 5 and 10 seconds: p = 0.0076.
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The diagnostic value of single provocative tests and combinations of tests is described in table 3. We also tested specific combinations of two or more tests but this did not result in increase of sensitivity without substantial loss of specificity: e.g., having either a positive Tinel's test or a positive flexion compression test has a sensitivity of 76% but a specificity of 29% while adding nerve tenderness or nerve thickening increases specificity to respectively 84% and 
15
The three models constructed with multiple logistic regression analysis all differed significantly. Each more comprehensive model performed significantly better. Model 2 (including motor and sensory functions obtained at routine neurological examination) was clearly better than model 1 (including only age, gender and most affected side) according to the likelihood-ratio test (14.123, df1, p=0.0009). However, the difference between model 2 and model 3 (including all four provocative tests) was less convincing (11.715, df4, p=0.0196). Figure 3 shows the corresponding ROC curves for the three models. (2) In this study 23% of the patients were finally diagnosed with UNE by demonstrating focal ulnar nerve thickening at the elbow while more than one-third of these patients had nonlocalizing electrophysiological abnormalities. Although the use of sonography in our study resulted in the inclusion of electrophysiological negative cases of UNE, the diagnostic performance of provocative tests was still poor. The results of the provocative tests in electrophysiological negative cases were in line with the results in the total group and with the group with an abnormal and localizing electrophysiological test.
Therefore the introduction of sonography to the reference test did not lead to an important bias on the results of the provocative tests and indicates that provocative tests cannot be used as an alternative test to make a diagnosis of UNE more likely when electrophysiological tests are negative. 
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